We assessed the prevalence of self-reported snoring in the Hungarian population and established whether different types of snoring are associated with cardiovascular disorders and increased health-care utilization. design: Cross-sectional study. Door-to-door survey. Setting: Nationally representative population in Hungary. Participants: Interviews were carried out in the homes of 12,643 persons. We used the Hungarian National Population Register as the sampling frame and implemented a clustered, stratified sampling procedure. The study population represented 0.16% of the population over the age of 18 years according to age, sex, and 150 subregions of the country. interventions: Not applicable. Measurements and results: Thirty-seven percent of men and 21% of women reported loud snoring with breathing pauses. Hypertension, myocardial infarction, and stroke were reported by 26%, 3%, and 4% of the respondents, respectively. There was a significant increase in the prevalence of hypertension, myocardial infarction, and stroke in quiet and loud snorers, as compared with nonsnorers. Multivariate analysis showed an association between loud snoring and hypertension (odds ratio [OR]: 1.40, 95% confidence interval [CI]: 1.24 -1.58), myocardial infarction (OR: 1.34, CI: 1.04 -1.73), and stroke (OR: 1.67, CI: 1.32 -2.11) after statistical adjustment for age, sex, body mass index, diabetes, level of education, smoking, and alcohol consumption. Loud snoring was also associated with measures of health-care use in both sexes. Conclusions: Snoring is frequent in the Hungarian adult population, and loud snoring with breathing pauses, in contrast with quiet snoring, is associated with an increased risk of cardiovascular disease and increased health-care utilization.
INCREASING EVIDENCE SUGGESTS THAT SNORING IS PART OF THE SPECTRUM OF SLEEP-DISORDERED BREATHING (SDB)
, FROM SIMPLE SNORING ON ONE end to obstructive sleep apnea/hypopnea syndrome on the other. 1, 2 Snoring associated with sleep apnea is cyclical, with snoring noises and/or snorts alternating with quiet periods. It often has a disturbing character and may be associated with breathing pauses.
Snoring has been associated with increased risk of hypertension, 3, 4 ischemic heart disease, 5 and stroke 6, 7 ; however, some studies do not support this association. [8] [9] [10] [11] These studies focused primarily on the presence or absence of snoring, and no research assessed the potential significance of different types of snoring. We believe that the lack of such a distinction might explain the conflicting results of previous studies in analyzing the relationship between snoring and cardiovascular disease (CVD). There is some evidence that the cardiovascular effects of sleep apnea and snoring have more impact on younger men, 12, 4 and, therefore, the age and sex of the sample evaluated may critically influence the results obtained when considering the impact of snoring on cardiovascular illness and health-care utilization.
There is considerable interest in the association of sleep problems and health consequences. It is well documented that patients with sleep apnea are heavy users of health-care resources for several years prior to the diagnosis, 13, 14 and the initiation of treatment results in a significant reduction in healthcare utilization. 15, 16 In a telephone interview survey of a United Kingdom population sample, the use of health-care resources was significantly greater in subjects reporting breathing pauses during sleep, compared with those without breathing pauses. 17 We have reported a higher rate of health-care utilization in people with insomnia. 18 In this study, we investigated the prevalence of self-reported snoring in the Hungarian population analyzing data obtained from a large, nationally representative, adult sample. We asked respondents to distinguish loud snoring with breathing pauses from quiet snoring because we wanted to find out whether the different types of snoring are associated with different risks of CVD and increased health-care utilization. We hypothesized that individuals with loud snoring and breathing pauses have a higher risk for hypertension, myocardial infarction, and stroke and that they consume more health-care resources, compared with quiet snorers or with people who do not snore.
Snoring and CardiovaSCular diSeaSe
Cardiovascular Disease and Health-Care Utilization in Snorers: a Population Survey
MethodS

Study Population
Data shown here were collected within the framework of a large-scale survey of health behavior of the Hungarian population ("Hungarostudy 2002"). Interviews were carried out by trained community nurses in the homes of 12,643 persons between January and June of 2002. 19 This cross-sectional survey enrolled a nationally representative sample of the Hungarian population, which represented 0.16% of the population over the age of 18 years according to age, sex, and 150 subregions of the country. We used the National Population Register as the sampling frame and implemented a clustered, stratified, sampling procedure. The sample represented the 19 counties of Hungary according to age, sex, and subregions within counties. At first, each person from the sample was contacted by mail and then in person. If the first attempt was unsuccessful, the nurse arranged a second meeting. If the person could not be found, another person was selected from an additional sample for the same community with similar sampling characteristics. The interviews were, on average, 1 hour in duration. The overall refusal rate was 17.7% for the entire sample. The study protocol had been approved by the Ethics Committee of the Semmelweis University, Budapest.
data Collected
Information on basic sociodemographic characteristics (sex, age, level of education, occupation, and marital status) was obtained.
Snoring was assessed by the following question: Do you snore? Answer options were No/ Yes, loud snoring with breathing pauses/ and Yes, quiet regular snoring.
We also collected self-reported information regarding CVD. Respondents were asked whether they had been treated in the past for CVD or were currently taking any medications for hypertension, acute myocardial infarction (AMI) or stroke. Selfreported information about the presence of diabetes, smoking, alcohol consumption, height, and weight was also obtained.
Utilization 2 ), diabetes, education (primary school, skilled worker, high school, university), smoking habits (never, previous smoker, active smoker), and alcohol consumption (never, less than twice a week, 2 to 3 times a week, 4 or more times a week). 403 (7) 300 (11) 443 (13) 1146 (9) 4+ 292 (5) 202 (7) 455 (13) 949 ( 1122 (20) 742 (29) 1136 (35) 3000 ( 135 (2) 80 (3) 162 (5) 377 ( 175 (3) 110 (4) 202 (6) 487 ( 550 (9) 298 (11) 439 (13) 1287 ( 1023 (17) 516 (19) 769 (23) 2308 (19) Data are presented as frequency count (%) unless noted otherwise. Age and body mass index (BMI) are presented as mean ± SD. 
reSultS
The total study population consisted of 12,643 individuals. For all variables, less than 10% of data were missing. Demographic and socioeconomic characteristics of the study population are presented in Table 1 .
Thirty-seven percent of men reported loud snoring with breathing pauses, whereas only 23% were quiet snorers. Among women, loud snoring with breathing pauses was reported by 21%, and quiet snoring was also reported by 21% of the respondents ( Table  1 ). The prevalence of loud snoring increased with increasing BMI and also with increasing age. Loud snoring was more prevalent in men than in women at all age groups (data not shown).
Cardiovascular diseases
Twenty-six percent of the participants had hypertension, and its prevalence increased with age in both men and women (P < 0.001). The prevalence of hypertension was higher among loud snorers compared with nonsnorers (29% vs 17%, P < 0.0001 in men; 45% vs 21%, P < 0.0001 in women) ( Table 2) . There was a significant trend between snoring groups (loud snorers, quiet snorers, and nonsnorers) (P for trend is < 0.0001 in men and women).
AMI was reported by 3% of the total study population, and the prevalence of AMI was different among the 3 snoring categories, with the highest prevalence reported by loud snorers (6% in men, P < 0.0001 and 3% in women, P = 0.002) ( Table 2) .
A similar pattern was seen for stroke, as well. Four percent of the participants had experienced a stroke, and it was the most prevalent among loud snorers (5% in men; 8% in women). The prevalence of stroke was significantly higher in loud snorers than in the other 2 categories (P = 0.003 for men and P < 0.0001 for women) ( Table 2) .
Next we analyzed the association of snoring and CVD in 2 age groups (Table 3) . Among individuals both younger and older than 50 years, the prevalence of hypertension and AMI was significantly different between snoring categories, with the highest prevalence in loud snorers. The prevalence of stroke was significantly different between snoring categories only in individuals younger than 50 years of age. In the younger age group, there was a significant trend between loud and quiet snorers and nonsnorers for hypertension, AMI, and stroke, whereas, in the older age group, the trend was markedly significant for hypertension.
In a multivariate model, loud snoring with breathing pauses (after adjustment for age, sex, BMI, diabetes, education, smoking, and alcohol consumption) was associated with increased risk of hypertension 
Data are presented as frequency count (%).
Cardiovascular Disease in Snorers-Dunai et al 1.09-1.79) in men, whereas, in women, only hospitalization was significantly associated with loud snoring (OR: 1.34, CI: 1.14-1.57). When interaction terms between snoring and sex or age were introduced into the models, statistically significant effect modification was not detected.
diSCuSSion
In this large, representative sample of the adult Hungarian population, we showed that loud snorers had a significantly increased risk for hypertension, AMI, and stroke, compared with people who do not snore, whereas quiet snoring was associated only with an increased risk for hypertension in women. Furthermore, we demonstrated that loud snoring was associated with increased use of health-care resources.
Our findings suggest that quiet snoring is different from loud snoring in terms of association with CVD, and this supports the hypothesis that quiet snoring is on the "lower end" of the spectrum of sleep-disordered breathing, whereas loud snoring with breathing pauses is somewhat closer to the "higher end," that is to obstructive sleep apnea (OSA).
To our knowledge, this is the first epidemiologic study utilizing a large, nationally representative sample-enrolling more than 12,000 individuals-to evaluate the prevalence of snoring in Central Europe. It is also unique in terms of the data acquisition employed, in that questionnaires were administered during a home interview. This resource-intensive method has clearly improved the completeness and overall quality of our data set. Furthermore, the broad spectrum of sociodemographic CI: 0.92-1.87, respectively). However, interaction terms between sex and snoring were nonsignificant.
In multivariate analysis, after adjustment for age, sex, BMI, diabetes, education, smoking, and alcohol consumption, an interaction between snoring and age was seen only for stroke (P < 0.04) but not for hypertension and AMI.
We performed stratified analysis to see whether association between snoring and CVD is different across BMI categories ( Table 5) . As tested by interaction terms in the multivariate model, there was no effect modification of BMI on the relationship between snoring and any of the 3 CVD categories (data not shown).
health-Care utilization
Eleven percent of study participants had requested an emergency home visit, and 19% had been admitted to the hospital within 1 year preceding the survey (Table 1) . Hospitalization and emergency home visits were more prevalent in loud snorers, compared with nonsnorers (23% vs 17%, P < 0.001 and 13% vs 9%, P < 0.001, respectively) ( Table 1) , and there was a trend among nonsnorers, quiet snorers, and loud snorers (P for trend is < 0.0001 for both hospitalization and emergency home visits).
Multivariate analysis revealed independent associations between loud snoring and the use of health care in both men and women (Table 6 ). When analyzed separately by sex, loud snoring was significantly associated with hospitalization (OR: 1.28, CI: 1.06-1.54), and with emergency home visits (OR: 1.40, CI: the activation of chemoreceptors with consequent increases in sympathetic nervous system activity and catecholamine release. Sympathetic activity peaks at the termination of apneic events, and it is associated with surges in blood pressure and heart rate. 25 The catecholamine release during apnea increases both systemic and pulmonary blood pressure via vasoconstriction. Hypoxia also leads to ischemia and arrhythmia, and it directly depresses cardiac contractility. Furthermore, repetitive episodes of intermittent hypoxia and reoxygenation may be involved in the generation of free oxygen radicals, resulting in endothelial dysfunction, 26 which accelerates the development of atherosclerosis. In addition, sleep-disordered breathing is associated with a rise in circulating levels of intercellular and vascular adhesion molecules 27 as well as elevated level of inflammatory cytokines, including interleukin-6, 28 C-reactive protein, and tumor necrosis factor-α. These autonomic, hemodynamic, neuroendocrine, humoral, and inflammatory reactions lead to both acute and chronic effects on the cardiovascular system. Because sleep apnea is frequently accompanied by severe snoring, we hypothesize that OSA and these mechanisms associated with it may mediate the association between loud snoring and CVD.
The study has several limitations. The cross-sectional design of this study limits any inference about causative association. Furthermore, information on snoring, CVD, and health-care use was self-reported by the participants. Self-report of snoring is widely used in epidemiologic surveys. 8, 17 A study found that the sensitivity of self-reported snoring is at best 54%, 29 which suggests that the prevalence of snoring in this study is probably underestimated. It is also possible that our results have an element of reporting bias, since people living alone are less likely to report snoring. However an analysis of individuals who are married or in a common-law relationship also showed a significant association of loud snoring with hypertension and stroke (data not shown). Finally, polysomnography, a gold standard for the diagnosis of OSA, was not performed in this study; therefore we were unable to determine the prevalence of OSA. This would have helped to evaluate the relationship between loud snoring with breathing pauses and sleep apnea.
In summary, we demonstrated, in a nationally representative population-based sample, that loud snoring accompanied with breathing pauses is associated with a higher prevalence of CVD and increased health-care utilization. The distinction of different types of snoring may be used as a simple screening tool to identify individuals at higher risk for sleep apnea and CVD.
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Sixty percent of male and 42% of the female participants reported snoring. The prevalence of snoring in this study was lower than what was found in a Polish study (78% and 59%, for men and women, respectively). 20 On the contrary, snoring was found to be somewhat less frequent in other studies, with reported prevalence of 45% to 48% in men 17, 21 and 33% in women.
3,17 These differences may be related to differences in age and other sample characteristics, question wording, and response categories.
Our results do not provide a strong support for sex differences with regard to the relationship between hypertension and SDB. Previous studies have suggested that such sex differences do exist, 22, 23 however, similarly to our analysis, statistical testing for interaction between OSA and sex was nonsignificant. 22 Atypically, we found that hypertension was more prevalent in women than in men. However, our data are in agreement with the National Health and Nutrition Examination Survey, in which data from 1991 onward also indicate a higher prevalence of hypertension in women. 24 In our data set, loud snoring was associated with hypertension and AMI in both young and older (> 50 years) individuals. Previous epidemiologic studies on association between snoring and hypertension 7, 8 have suggested that the presence of snoring is associated with a relatively greater increase of cardiovascular risk in young individuals, as compared with older people. In a follow-up study of men aged 30 to 69 years, Lindberg et al found that snoring is an independent risk factor for developing hypertension among young men, in contrast to among individuals older than 50 years. 4 This is incongruent with our results. The discrepancy in association in older individuals may be explained by the differences in population and study design, as well as by the distinction of loud and quiet snoring in the current study.
Loud snoring was associated with measures of health-care utilization. Our data are in accordance with those of a recent study that found sex difference in health-care utilization in patients with OSA. When compared with men, women consumed significantly more health-care resources due to more hospitalization days and consultations.
14 Snoring and breathing pauses during sleep are the 2 main symptoms of OSA. OSA is characterized by repetitive episodes of partial or complete upper airway obstruction, followed by oxygen desaturation and arousals. Periodic airway occlusions with consequent hypoxemia, hypercapnia, dramatic swings in intrathoracic pressure, and arousal elicit a wide range of pathophysiologic processes. Hypoxia and hypercapnia result in 
